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Abstract: Field experiments were conducted over 2 years to determine the influence of timing, rate, and method of application of
mesotrione on weed control, forage sorghum injury, and fresh weight biomass. Sucrosorgo 506 sorghum was treated with 120 and 80 g
ha–1 of mesotrione with petroleum oil (PO) or methylated seed oil (MSO) plus 28% N urea-ammonium nitrate liquid fertilizer (UAN).
Mesotrione was applied once between the 4- and 6-leaf stages of sorghum or split and applied between the 2- and 3-leaf and the 6- and
7-leaf stages in 2 equal applications, with or without adjuvants. Mesotrione at 120 g ha–1 effectively controlled all weed species, except
Geranium pusillum. At 80 g ha–1 it effectively controlled Chenopodium album, Polygonum convolvulus, and Polygonum aviculare, and at
the 80 g ha–1 split application (40 + 40 g ha–1) it effectively controlled P. convolvulus and P. aviculare. Both PO and MSO, added to the
spray liquid containing mesotrione at 80 g ha–1, made it possible to effectively eliminate weeds; a split application with PO effectively
reduced the occurrence of C. album, Brassica napus, Thlaspi arvense, P. convolvulus, and P. aviculare, and application with MSO reduced
the occurrence of C. album, P. convolvulus, and P. aviculare. Mesotrione at 120 and 80 g ha–1 as a single application and at an 80 g ha–1
split application did not cause injury to sorghum plants. The addition of PO or MSO adjuvant to 80 g ha–1 of mesotrione applied at
a single rate caused slight injury to sorghum plants, which quickly recovered. No injury or slight symptoms were found after a few
weeks on sorghum plants treated with a mesotrione at 80 g ha–1 split with PO and MSO. The addition of UAN to the spray mixture,
apart from mesotrione and PO and MSO, inhibited growth and chlorosis on the leaves. The rate of 80 g of mesotrione with adjuvants is
recommended for forage sorghum.
Key words: Mesotrione, forage sorghum, PO, MSO, UAN, reduced rate

1. Introduction
Forage sorghum (Sorghum vulgare Pers.) is one of the most
commonly cultivated plants. In terms of the cultivated
area worldwide, sorghum was fifth after wheat, rice, maize,
and barley in 2009 (FAOSTAT 2011). This species, which
is native to Africa, is an annual spring plant belonging to
the family Poaceae. A C4 photosynthesis plant, sorghum
is more adapted to hot and dry conditions than C3 crops
(Tacker et al. 2006); however, it can be cultivated in cooler
regions, including Poland. Weeds compete with sorghum
plants for water, nutrients, and light; their presence,
even in small numbers, may result in a lower grain yield
(Smith et al. 1990; Smith and Scott 2010). Weeds in grain
sorghum cause yield losses ranging from 30% to 50% and
higher under specific, unfavorable conditions (Graham
et al. 1988; Knezevic et al. 1997; Stahlman and Wicks
2000); they also lower crop quality and contribute to an
increase in pest and disease pressure (Ngugi et al. 2002;
Showemimo et al. 2011).
* Correspondence: robertid@up.poznan.pl

The low competitive ability of forage sorghum, similar
to grain sorghum plants, occurs mostly at the early growth
stages and calls for effective weed control (Wilson and
Westra 1991; Knezevic et al. 2002). The effectiveness of
the weed control treatment depends on the properties of
the herbicide, weather conditions during treatment, and
biology of the weeds themselves (Nalewaja and Matysiak
1993). According to Abit et al. (2010) and Johnson et al.
(2002), weed sensitivity to herbicide decreases as the plant
develops; thus, correct timing is essential for herbicide
effectiveness and limiting of crop injury. In addition, the
selection of proper spray adjuvants may result in improved
efficacy at reduced rates.
In the United States, weed control in sorghum is
usually achieved by using preemergence herbicides
such as acetochlor, alachlor, carfentrazone, dicamba,
dimethenamid-P, glyphosate, paraquat, propazine,
prosulfuron, S-metolachlor, and saflufenacil (Thompson
et al. 2011). However, sorghum is usually grown under
dry conditions, and the lack of soil moisture hinders
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herbicidal activities (Armel et al. 2003). Unfortunately,
herbicide options after sorghum emergence are limited
due to potential crop injury and poor weed control,
which is based, for example, on acetochlor, bromoxynil,
carfentrazone-ethyl,
dicamba,
2,4-D,
fluroxypyr,
halosulfuron, prosulfuron, and quinclorac (Thompson et
al. 2011).
Mesotrione is a selective and systemic herbicide that
may control several important dicotyledonous and some
monocotyledonous weeds in maize (Horak and Petersem
1995; Anderson et al. 1996; Mitchell et al. 2001; Shoup et
al. 2003; Idziak and Woznica 2008). The mesotrione rate
in the preemergence period ranges from 100 to 225 g ha–1,
and from 70 to 150 g ha–1 when applied after emergence
(Mitchell et al. 2001). Mesotrione is generally safe for
maize plants; however, it may cause injury in the form of
whitening of sorghum plant tissues (Praczyk 2003; Abit
and Al-Khatib 2009). In the case of sorghum, Abit et al.
(2009) found a diversified reaction in sorghum hybrids
to foliar-applied mesotrione. In another study, Horky
and Martin (2005) showed that mesotrione at 70.5 g ha–1
controlled weeds effectively, but simultaneously caused
injury to sorghum leaves in the form of chlorosis. Research
conducted by Idziak and Woznica (2008) indicated that the
efficacy of mesotrione increased greatly when applied with
oil-type adjuvants, especially methylated seed oil (MSO).
In addition, a split application of mesotrione in maize was
more efficacious (Woznica and Idziak 2010).
While efficacy of mesotrione in grain sorghum was
studied (Abit et al. 2010), no work was conducted to
evaluate mesotrione on forage sorghum in Poland. The
objective of this research was to determine the influence
of reduced rates of mesotrione applied with various
adjuvants on weed control, forage sorghum injury, and
biomass production.
2. Materials and methods
Field experiments were conducted at the Poznan University
of Life Sciences Research and Education Center in Gorzyn
(with a branch in Swadzim), Poland, in 2008 and 2009. The
experiment was arranged in a randomized complete block
design with 4 replications. Each plot contained 4 rows
spaced 70 cm apart with a plot length of 10 m; the total
plot area was 21 m–2. Soil was sandy clay loam with pH
6.1 and 1.2% organic matter in 2008 and pH 6.2 and 1.1%
organic matter in 2009. Sorghum cultivar Sucrosorgo 506
was sown using a single-row Monosem driller to a depth
of 4 cm with 70 cm spacing between rows and 2.5 m row
length. In 2008, sorghum was sown on 19 May and in 2009
on 12 May. The seeding rate was 180,000 seeds ha–1. The
plants were harvested for biomass on 15 October 2008 and
on 29 October 2009 by cutting the plants at soil level in the
2 middle rows of each plot.
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Mesotrione (Callisto 100 SC, mesotrione 100 g L–1;
Syngenta Limited, UK) was used at the rate recommended
by the manufacturer for maize (120 g a.i. ha–1), because
to date mesotrione has not been registered for grain and
forage sorghum in Poland. The recommended rate and a
reduced rate (80 g a.i. ha–1) of mesotrione were applied with
petroleum oil (PO) (Atpolan 80 EC), an MSO of rapeseed
oil fatty acids with a built-in compound-buffering liquid
spray pH of 7.3–7.8, and surface active agents (Atpolan
BIO 80 EC) in addition to 28% N urea-ammonium nitrate
fertilizer (UAN). Adjuvants were applied at 1.5 L ha–1 and
UAN at 4 L ha–1. Mesotrione was applied once between
the 4- and 6-leaf stages of sorghum or split and applied
between the 2- and 3-leaf and 6- and 7-leaf stages as 2
equal applications, with or without adjuvants.
Mesotrione and adjuvants were applied with a
wheelbarrow CO2-pressurized sprayer equipped with
TeeJet 11002 AIXR flat fan nozzle tips calibrated to deliver
250 L ha–1 at a pressure of 0.3 MPa. Weeds were collected
from each plot 6 weeks after treatment from randomly
selected areas (0.7 m–2), and the efficacy of treatments was
determined on the basis of fresh mass reduction from the
treated plots compared to the untreated plot according to
Abbott’s formula. Injury to sorghum plants was assessed
visually 2, 4, 6, and 8 weeks after the last treatment using a
0%–100% scale, where 0% = no injury and 100% = complete
death of plants. After plant emergence and before harvest
the plant density was assessed in the 2 middle rows of each
plot and expressed as number of plants per hectare. To
determine the yield of fresh sorghum mass, plants growing
in the 2 middle rows of each plot were harvested, and the
results obtained were expressed in t ha–1. After harvesting,
the dry matter mass of sorghum was determined. All data
were subjected to ARM 8 (Agricultural Research Manager,
Gylling Data Management, Inc.) and analysis of variance
was conducted. Means were separated by Student–
Newman–Kells test protected least significant difference
(LSD) at P ≤ 0.05.
3. Results
Monthly precipitation and temperature data from the
growing seasons are presented in Table 1. Meteorological
data indicate a large range in precipitation and uneven
distribution between study years. Total precipitation in
2008 and 2009, from the period of sorghum planting to
the 5-leaf stage when the herbicide applications were
completed, was 87.0 and 129.1 mm, respectively. These
2008 and 2009 precipitation levels were accompanied by
air temperature ranging from 10 to 16.2 °C and 12.9 to
14.0 °C, respectively.
Research revealed the presence of the following weeds
in sorghum: Chenopodium album L., Brassica napus L.
subsp. napus, Thlaspi arvense L., Polygonum convolvulus
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Table 1. Total precipitation and average maximum daily temperature per month at the study site in 2008 and 2009.
Precipitation
Months

2008

Average daily temperature
2009

2008

–––––––––––––– mm ––––––––––––––

2009

––––––––––––––– °C ––––––––––––––

April

77.5

19.2

10.0

12.9

May

9.5

109.9

16.2

14.0

June

8.4

113.8

20.6

16.0

July

46.6

75.4

22.2

20.3

August

88.6

26.2

19.7

20.1

September

16.8

48.6

14.4

15.8

L., Polygonum aviculare L., and Geranium pusillum L.
The treatment effect was significant only for C. album, T.
arvense, and P. convolvulus.
In general, a reduction in the mesotrione rate resulted
in lower herbicidal effectiveness of the treatment.
Mesotrione at the recommended rate effectively controlled
all weed species except for G. pusillum; at the reduced rate
it effectively controlled C. album, P. convolvulus, and P.

aviculare; and the split reduced rate effectively controlled
P. convolvulus and P. aviculare (Table 2). Both PO and MSO
adjuvants added to the liquid spray containing mesotrione
at a reduced rate made it possible to effectively eliminate
all weeds except G. pusillum. Mesotrione applied split with
PO effectively reduced the occurrence of C. album, B.
napus, T. arvense, P. convolvulus, and P. aviculare; and with
MSO, the occurrences of C. album, P. convolvulus, and P.

Table 2. Weed control with mesotrione as influenced by herbicide rate, time of application, and adjuvants in 2008 and 2009.
Weed species
Treatmentsa

Total rate

Applicationb

g ha–1

-

Untreated

Chenopodium
album

Brassica
napus

Thlaspi
arvense

Polygonum
convolvulus

Polygonum
aviculare

Geranium
pusillum

% control
364 g m–2

267 g m–2

498 g m–2

58 g m–2

17 g m–2

174 g m–2

Mesotrione

120

Single

100

93

90

92

97

73

Mesotrione

80

Single

95

74

76

90

94

73

Mesotrione + PO

80

Single

100

91

84

100

100

56

Mesotrione + MSO

80

Single

100

86

91

95

100

48

Mesotrione

80 (40 + 40)

Split

83

64

68

88

93

73

Mesotrione + PO

80 (40 + 40)

Split

98

85

84

100

100

68

Mesotrione + MSO

80 (40 + 40)

Split

100

71

82

100

98

47

Mesotrione + PO + UAN

80 (40 + 40)

Split

98

80

86

100

100

62

Mesotrione + MSO + UAN 80 (40 + 40)

Split

100

81

86

93

92

67

5.9

NS

7.8

10.5

NS

NS

LSD 0.05

a
Abbreviations: PO, petroleum oil adjuvant applied at 1.5 L ha–1; MSO, methylated seed oil adjuvant applied at 1.5 L ha–1; UAN, urea-ammonium nitrate
at 4 L ha–1; NS, not significant.
b
Single application at 4–6 leaves of sorghum; split application at 2–3 leaves and at 6–7 leaves of sorghum.
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aviculare were reduced. Mesotrione applied with PO or
MSO and UAN effectively controlled C. album, T. arvense,
P. convolvulus, and P. aviculare, but less so for B. napus.
G. pusillum control was not achieved in any treatment.
PO and MSO adjuvants added to mesotrione increased
control of all weed species except G. pusillum. Geranium
pusillum is quite resistant to mesotrione. Elimination of
other weeds by mesotrione increased the fresh weight of
G. pusillum in some cases, probably because there was less
competition from other weeds. The presence of UAN in
the spray mixture had no effect on weed control.
Mesotrione at both rates as a single application and
split application did not cause injury to sorghum plants
(Table 3). The addition of PO or MSO adjuvants to the
reduced single rate of mesotrione caused slight injury to
sorghum plants, which was quick to subside. Mesotrione
injury appeared as irregular chlorosis and bleaching of the
lower leaves. No injury or only slight symptoms subsiding
after a few weeks were found on sorghum plants treated
with mesotrione in a split application with PO and MSO.
The response of sorghum plants to the mixture containing
mesotrione with the addition of PO and UAN was only
a little weaker than that of the mixture with added MSO
adjuvant. Injury was found only on leaves coming into
contact with mesotrione during the treatment, and injuries
disappeared completely after 8 weeks of treatment.
The yield of forage sorghum obtained from plots
with applied mesotrione was significantly higher than

the yield obtained from untreated control (Table 4). In
the untreated control, plant density was higher than in
herbicide treated plots; however, the forage sorghum yield
was substantially lower. A reduction in the mesotrione rate
to 80 g ha–1 (single and split application) was connected
with a reduction in sorghum green mass. The sorghum
yield of plots treated with mesotrione together with PO
and MSO adjuvants as well as UAN, regardless of the
rate, was comparable to the yield from plots protected by
the full rate of mesotrione. No differences were found in
forage sorghum dry matter content between the treated
plots and the untreated control.
Sorghum density after plant emergence ranged
between 121,700 and 141,300 ha–1. The highest sorghum
plant density before harvest (130,800 ha–1) was found in
the untreated check (Table 4), and density varied between
104,100 and 123,400 ha–1 on herbicide-treated plots.
4. Discussion
Temperature is one of the most important factors
influencing herbicide efficacy. Mesotrione kills actively
growing plants and the optimum temperature for the
herbicidal action varies between 10 and 25 °C, with
a relative humidity between 50% and 80% (Woznica
2008). Meteorological data also indicate a large range of
precipitation levels and uneven distribution of precipitation
between study years. However, the results were averaged
over 2 years since no interaction between the treatments
and the years was found.

Table 3. Influence of mesotrione and adjuvant on forage sorghum plant injury (applied as single treatment or split-applied, 2008–2009).
Treatmentsa

Total rate

Applicationb

Injurya
2 WAT

4 WAT

g ha

6 WAT

8 WAT

%

–1

Untreated

-

-

0

0

0

0

Mesotrione

120

Single

0

0

0

0

Mesotrione

80

Single

1

0

0

0

Mesotrione + PO

80

Single

8

3

0

0

Mesotrione + MSO

80

Single

2

0

0

0

Mesotrione

80 (40 + 40)

Split

2

0

0

0

Mesotrione + PO

80 (40 + 40)

Split

0

0

0

0

Mesotrione + MSO

80 (40 + 40)

Split

8

2

0

0

Mesotrione + PO + UAN

80 (40 + 40)

Split

62

26

10

0

80 (40 + 40)

Split

Mesotrione + MSO + UAN

LSD 0.05

68

28

10

0

3.49

1.81

0.84

NS

Abbreviations: PO, petroleum oil adjuvant applied at 1.5 L ha–1; MSO, methylated seed oil adjuvant applied at 1.5 L ha–1; UAN, ureaammonium nitrate at 4 L ha–1; WAT, weeks after treatment; NS, not significant.
b
Single application at 4–6 leaves of sorghum; split application at 2–3 leaves and at 6–7 leaves of sorghum.
a
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Table 4. Yield of forage sorghum, dry matter content, and plant density as influenced by mesotrione and adjuvants applied as single
treatment or 2 treatments (split-applied), 2008–2009.
Treatmentsa

Total rate

Applicationb

g ha–1

Yield

DMC

t ha–1

%

Plant density
POST

BH
1000 ha

–1

Untreated

-

-

47.0

25.9

141.3

130.8

Mesotrione

120

Single

67.0

24.6

123.9

112.5

Mesotrione

80

Single

60.3

25.7

129.7

121.7

Mesotrione + PO

80

Single

66.7

25.6

131.2

119.2

80

Single

64.8

25.0

123.2

106.0

Mesotrione

Mesotrione + MSO

80 (40 + 40)

Split

60.5

24.9

121.7

104.1

Mesotrione + PO

80 (40 + 40)

Split

62.1

24.2

131.1

117.9

Mesotrione + MSO

80 (40 + 40)

Split

66.3

25.9

138.9

123.4

Mesotrione + PO + UAN

80 (40 + 40)

Split

64.9

23.6

131.5

115.0

80 (40 + 40)

Split

67.9

24.9

132.6

113.5

7.23

NS

9.93

16.78

Mesotrione + MSO + UAN
LSD 0.05

a
Abbreviations: PO, petroleum oil adjuvant applied at 1.5 L ha–1; MSO, methylated seed oil adjuvant applied at 1.5 L ha–1; UAN, ureaammonium nitrate at 4 L ha–1; DMC, dry matter content; NS, not significant; POST, postemergence; BH, before harvest.
b
Single application at 4–6 leaves of sorghum; split application at 2–3 leaves and at 6–7 leaves of sorghum.

The presence of weeds has an adverse effect on
plant development, which may cause yield reduction in
sorghum. To avoid such losses, weeds must be controlled,
primarily at the early stages of sorghum grain growth (4–5
weeks), because sorghum seedlings grow slowly during
this period (Smith and Scott 2010).
Mesotrione rate reduction in our experiment resulted
in the lowering of the herbicidal effectiveness. However,
the addition of adjuvants (PO, MSO, or other), especially
mineral adjuvants, usually improved mesotrione activity.
Gronwald et al. (1993) indicated that favorable herbicide
response to the presence of UAN in the spray mixture
may result from the direct influence of ammonium ions
on herbicide absorption by the cell membrane in maize.
Furthermore, UAN does not undergo crystallization in
a broad range of air humidity, but rather remains in the
form of liquid microresidues, enabling longer and fuller
herbicide absorption (Woznica 2005). On the other hand,
Joost (1998) and Nalewaja et al. (1992) implied that it is
possible that mineral adjuvants influence the limitations of
the antagonistic effect of natural cations contained in the
spray water, optimize spray deposits on the plant surface
after water evaporation, and increase solubility of some
herbicides.
Crop injury at early stages of growth is primarily due
to the fact that young, fast-growing plants absorb much
herbicide (Wanamarta and Penner 1989; Coetzer et al.
2002), and the primary influence of MSO consists of
increasing retention and herbicide absorption (Woznica
and Skrzypczak 1998). The addition of UAN to the spray

mixture, apart from mesotrione and PO and MSO, resulted
in growth inhibition and chlorosis on the leaves, injuries
similar to those caused by mesotrione in other crops
(Idziak and Woznica 2008; Kopsell at al. 2008; Robinson
2008).
According to Smith and Scott (2010), the presence of
3 C. album plants per over 91 cm of row up to the 3-leaf
period in sorghum causes a 10% decrease in grain yield.
The high density of Echinochloa crus-galli (L.) Beauv. plants
after the emergence of sorghum may result in over 50%
yield reduction (Norris 1980). Late weed emergence does
not have such a significant effect on the yields produced;
however, they make the harvest more difficult, thus
reducing the yield size. It was concluded from the authors’
own research that sorghum yield was not correlated with
treatment timing and the yields from plots treated with
herbicides at leaf phases 4–6 and at 2–3 and 6–7 were not
significantly different.
Sorghum plant density differences were caused by
weather conditions in the period from planting to plant
emergence, but not by herbicides that were applied at
the 5-leaf stage in sorghum. Lower plant density before
harvest on plots treated with herbicides was not caused
by herbicides but rather resulted from the lower plant
emergence on these plots.
Overall, a single or split application of mesotrione at a
reduced rate with PO or MSO adjuvant showed potential
possibilities for use of this herbicide for weed control in
forage sorghum when only few, if any, herbicide options
are available.
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